Abstract -Working effectively in teams is
INTRODUCTION
Organizations use teams to tackle complex problems that can no longer be completed by one person alone [1] . Indeed, in industry, engineers are often assembled as parts of multi-disciplinary teams expected to work seamlessly together and tasked to create solutions to increasingly complex designs problems. In response to the team-based working landscape, educational institutions commonly employ team work in undergraduate courses to better prepare their graduates for an increasingly connected workforce.
Employers expect that engineering graduates' will be able to manage organizational tasks that draw heavily on soft skills [2] ; yet, employers report a gap between the skills they expect students to have and their actual abilities [3] . This skills gap was confirmed during an industry advisory reception at the University of Calgary that hosted 37 industry professionals representing 19 different organizations. During this reception, the most cited skill new graduates required to be successful was a team work mindset (38% of comments), which was defined as the ability to interact effectively with others.
Accreditation bodies echo the sentiments of industry, recognizing that working effectively in teams is an essential skill that must be developed over the course of an engineering degree program. This ability is not only an integral accreditation requirement across Canadian and US institutions [4, 5] , it is also a critical career skill from which students will continue to reap the benefits long after graduation [6] . Both the Engineers Canada Accreditation Board (ECAB) and the Accreditation Board for Engineering and Technology (ABET) recognizes that the capacity to work independently and as a part of diverse teams is an essential skill set for engineering graduates to develop throughout their degree. ECAB cites Individual and Team Work as one of the 12 Canadian Engineering Graduate Attributes and ABET cites An Ability to Function on Multidisciplinary Teams as a student outcome required for accreditation.
Soft skills such as team work can be difficult to measure effectively, let alone develop in students [7] . Interestingly, a common method used to build team work skills in students is to put them in team-based projects [8] . However, simply being in a team does not necessarily develop team member skills. Indeed, individuals require tools and training to help them excel in team-based interactions [9, 10] . There are numerous classroom and case studies showcasing specific methods to engage students in team-based learning [11, 12] ; yet, little research has considered a holistic view on the student perception and experience of all team work activities commonly employed by educational institutions across cohorts. Such an extensive review of team work practices, experience, and perceptions is useful to not only provide benchmarking metrics but also to guide an overall strategy in future attribute assessment and development.
Extensive research and assessment practices on team work have been developed and validated in the field of Industrial Organizational (IO) Psychology, with recent research highlighting the benefits of partnering IO theories and Engineering education [13] . Accordingly, the Individual and Team Performance (ITP) lab in the Department of Psychology was commissioned by the Schulich School of Engineering (SSE) at the University of Calgary to operationalize the assessment of this team work attribute. The goal of this innovative partnership was to see the SSE become a leading Canadian institution in assessing, tracking, and enhancing the graduate attribute Individual and Team Work. Accordingly, the paper outlines our efforts to operationalize the attribute with the intention of outlining best practices for both student development and accreditation purposes.
The contribution of this paper is twofold. First, we summarize extensive qualitative and quantitative data collected from an extensive sample of an undergraduate population to highlight the ways universities may currently be supporting or hindering team work ability development. Through this we identify opportunities for advancement in attribute development. Second, we highlight the importance of taking a strategic, holistic approach to attribute assessment and development. This is a difficult undertaking that should be shared and advocated for department-wide. Our results are shared with the intention of enhancing team work experiences for Engineering students across North America, which will in turn better equip the next generation of Engineers for their future careers. We hope this research will inspire the effort to both assess and develop this attribute department-wide in other institutions, creating an open and supportive network of strategic best practices.
METHOD

Participants
A total of 836 students voluntarily completed the questionnaire in full, with the first 400 receiving a $5 gift card. Of the total 836 participants, 731 consented to share their responses for research purposes. Respondents' average age was 21.34 (SD = 2.89 years). Of the students who reported gender, 38.3% identified as female. A total of 3 students (0.4%) chose not to report a gender.
Students were asked to estimate how many teams they have worked on during their undergraduate degree at SSE. Respondents indicated that they had work on approximately 6.13 teams (SD = 5.46 teams) over the course of their degree. Regarding program distribution, the largest percentage of participants identified as mechanical (23.7%), followed by the common core firstyear students (22.8%). Additionally, a total of 14.8% came from electrical, 14.2% from chemical, 14.0% from civil, 4.2% from geomatics, 3.4% from oil and gas, and finally, 2.9% from software.
Survey Creation
A small team of graduate and undergraduate research assistants from the psychology and engineering faculties worked together to create the assessment. This survey development team conducted extensive research on accreditation standards, past and current assessments of attribute development, team work attitudes, and attribute development practices. This combined research effort resulted in 40 Likert-scale items and 3 open-ended response questions.
Quantitative & Qualitative Analysis
All quantitative analyses were conducted by a trained graduate student from the ITP lab. A Mahalanobis Distance test was conducted to identify careless responding and resulted in the removal of one participant from analyses.
For the qualitative analysis, three open-ended questions were divided and coded by four research assistants from the ITP lab. Coders individually reviewed 20 responses, creating four initial independent coding schemes. The coders then combined similarities and discussed examples to calibrate their coding responses resulting in the creation of a single coding key that all coders referred to.
Each participant response to a question was allowed a maximum of three codes to capture multiple themes but to also limit the number of codes per participant. Each of the three codes consisted of a general overarching theme (e.g., courses), followed by a more specific sub-theme (e.g., capstone or intro course). The presence of subthemes and potential for three codes per participant means that the total frequency of coded themes occurring could exceed the total number of participants.
After the coding, each individual coder was assigned 10 random participants from another coder's section and asked to cross-code the responses. This resulted in an acceptable inter-rater agreement score of .86 for crosscoded sections and confidence in the coded responses.
RESULTS & DISCUSSION
Quantitative Results
The first noteworthy finding related to supporting female students in team work activities (see Figure 1) . Females reported statistically significant lower levels of satisfaction with team projects (M = 3.42; SD = .78) compared to their male counterparts (M = 3.67, SD = .75; F = 16.96, p < .001). Females also reported significantly lower competence in effectively engaging in the six behaviours (M = 3.31, SD = .80) compared to male students (M = 3.54, SD = .80; F = 14.27, p < .001). Further study is needed to pinpoint why women reported feeling less interested in teams and less competent in their team work ability. Previous research has suggested that females generally describe feeling less confident in their "soft skill" abilities than their male counterparts [14] . However, there is also research that supports incidents of females being treated differently in male-dominated occupations. Seron and colleagues [15] found that females tended to be placed in administrative, communication, or leadership roles and were not utilized or given the chance to practice in technical roles. If females are not feeling included or given the same opportunities to practice technical skills, it would explain the lower levels of satisfaction with team projects. Alternatively, it could indicate a different learning style preference as it relates to team-based learning, whereby females prefer more of a focus on "professional" or "soft" skills to complement their technical training [14] than what is currently being offered. Our findings alone do not allow a conclusion either way; however, it does point to a research question that requires further investigation. A second finding of interest is the gap between the perceived self-efficacy across the six team work competencies and the perceived importance of these skills for career success (see Fig. 2 ). Compared to perceived competency, students rated the importance of the six behaviours for career success significantly higher, with an average of 4.28 (SD =.65; t = 21.65, p < .001). This aligns with previous work that found while students agreed on the high importance of interpersonal, team work, communication, and problem solving skills, they do not feel competent in those areas [14, 16] . These results highlight the understanding by students that they need to effectively display team work competencies to excel in their future careers and motivation to engage in them. Despite the importance to career success, they do not feel confident in their ability to engage in these behaviours, suggesting a need for more inclusion and focus of this attribute development. A final finding regarded differences seen across program years. Specifically, there appeared to be a general buffer of positivity towards team work in first year students. First year students indicated higher satisfaction with team projects (M = 3.79, SD = .75; F = 4.30, p = .002) compared to third (M = 3.49, SD = .80) and fourth (M = 3.50, SD = .72) year students. Additionally, students identified as being in the first year had the highest levels of overall satisfaction, psychological collectivism, and perceived emphasis and support by SSE. This highlights the positive reinforcement of team work in the common core program, which has a large team focus. However, the decrease in satisfaction after the first year highlights a potential uneven promotion of team work attributes across the undergraduate degree. This presents a potential opportunity for emphasis of the attribute in the middle years of the program courses to sustain a high level of satisfaction with team work activities across years. -4 of 9 -
Qualitative Results
Over 2100 written responses were reviewed, coded, and categorized into themes. Specifically, theme frequencies provide insight into students' team work challenges, areas where students believe institutional support of team work could improve, and perceptions of current program strengths regarding team work.
Team work Challenges.
The first open ended question was, "Describe the most significant challenge you face during your team work experiences at SSE."
The largest theme emerging from the challenges students face in team work was Individual Differences & Interpersonal Conflicts with team members. Within this theme, levels of motivation and effort on the part of team members as well as communication and conflict management styles were the largest concerns. More specifically, individuals struggled with apathetic team members who were more concerned with minimizing their effort than maximizing the quality of a project. This suggests the potential for targeted workshops regarding individual work styles (e.g., conflict management).
The struggle of individual differences is highlighted further in the theme of Contribution Equity, which comprised 25% of the responses. Within contribution equity, social loafing by team members and conflict around workload distribution were prominent.
At 16% of responses the third largest theme, Timing, highlighted the challenges students face to not only find time to schedule team-based work in their compact schedules, but also to meet the deadlines proposed to them. This suggests that there may be merit in exploring different classroom structures (e.g., blended learning) where team-based projects are implemented.
A noteworthy category that emerged within this theme was sexism. Although small in frequency, the fact that any students are identifying it as the most significant struggle in their team work experiences suggests it should be considered and supports the previous findings regarding females being less satisfied with team activities. Given the limited number of females in STEM, it calls attention to the need to make more of an effort to ensure that females are given equal opportunity to participate and become proficient in the skills they need to be successful in engineering when in teams.
Improvement Points. The second question was, "What could the SSE do to improve team work?"
The most prominent theme to emerge was Team Work in Courses (24%). Interestingly, the clear majority of these responses described enjoyment of the existing team projects and a desire for more team-based projects in courses to improve team work experiences in SSE. Comments suggested students valued meaningful projects when working in teams. Specifically, this theme highlighted a desire for projects that are more applicable, tied to industry or real-world outcomes, or tied to presentations of final projects (e.g., conferences, Science fairs, etc.).
Contribution Equity was the second most frequently mentioned theme, comprising 20% of total responses. Within this theme, students communicated a desire for individual grade assignment. This desire stems from current grading procedures that do not capture project contribution, which can result in students who had not contributed adequately receiving the same grade as students who had made large contributions to the project.
Along the lines of individual grades, students also expressed a desire for more peer feedback. Opportunities to give and receive peer feedback are perceived as valuable and recognize the desire to bring attention to those who are not contributing their fair share. This is further supported by the emergence of issues with workload distribution that were previously mentioned. More specifically, students commented that some projects did not lend themselves to being divided equally among groups, which resulted in some group members being required to shoulder more of the workload or there not being enough work to divide equally between members. This suggests value in reviewing current projects with a lens of attribute development.
With 14% of total responses, the main theme of Activities speaks to students' interest in having more opportunities to improve their team work capabilities and cooperative skills through activities such as team training workshops. Leadership skills were also mentioned as an area of interest. Additionally, there was interest in participating in more team building activities and competitions, which would foster team cohesion and trust.
Praise Points. The final open-ended question was, "What is the SSE currently doing to support team work?"
The largest number of responses, accounting for 39% of the total comments for this question, reflected the courses being offered by SSE that utilize teams. Specific attention was given to the introductory courses and capstone courses, which contain heavily weighted team components. This is consistent with the quantitative findings across program years with the highest satisfaction in first year, followed by fifth year. Students also mentioned that presentations and meaningful projects were coursework elements that they found to be supportive of team work. This suggests that team-based projects offered in courses are well-received by students. It also adds further support to the desire for the incorporation of more presentations and meaningful projects seen in Question 2.
Accounting for 12%, the theme of Teaching Staff reflects the positive ways that professors and teaching assistants are impacting students' team work experiences. Students recognized the teaching staff for their knowledge, responsiveness, guidance, and availability. Along with teaching staff resources, students recognized the resources available to them to support team work such as clubs and workspaces.
Taken together, the survey results suggest that SSE appears to be doing well in supporting the development of team work competencies in its students; however, there are opportunities for improvement.
FUTURE RECOMMENDATIONS
Based on these findings, we provided 12 evidencebased recommendations to support the Individual and Team Work attribute. These best practices focus on future assessments of team work competencies, the development of team work skills, reviewing the ways in which teambased projects should be implemented, and fostering a teaching and learning culture around team work.
Team Work Competency Assessment
Comprehensive Assessment Implementation.
The value of the results of this survey cannot be overstated; however, the current findings need to be interpreted with caution. The voluntary nature of the survey allows for bias in those who chose to complete the questionnaire. Additionally, not all programs within the department are adequately represented in the survey. To become a leading institution in the assessment and development of team work competencies, there should be department-wide dedication to and implementation of assessments of team work competencies. Online platforms, such as ITP Metrics, allow instructors comprehensively to assess teams. Collecting additional data from students across years and programs will allow for more definite conclusions on the true state of team work competencies. It will also allow targeted research on genders, years, or programs for specific aspects of team work development.
Peer Feedback.
To reduce contribution inequity, instructors often utilize peer feedback as a method to produce fairer grades [17] . However, administrators must be careful in utilizing peer evaluations for grades due to the biases that can occur when rating others (e.g., friendships) irrespective of their contribution to a project. Thus, a peer rating can say more about the rater than the ratee [18] . This can create a sense of injustice when peer evaluations are used for administrative purposes [19] .
Alternatively, in providing the opportunity to give and receive feedback for developmental purposes, a sense of procedural justice is maintained whereby students are given an opportunity to voice their concerns. Interestingly, even the exposure to filling out a peer feedback survey has been found to change participant behaviours for the better [20] . In providing multiple opportunities for feedback, team work competencies can be tracked over time and students can practice giving and receiving feedback, which is a norm in modern workplaces.
Rubric Accountability.
Given the issues that can result from the utilization of peer feedback for grading purposes, the need to address social loafing and unfair work distribution in teams remains. One potential way is to build in accountability measures in assignment rubrics.
Rubrics explicitly state, to the teaching team and students, the criteria used to judge the work and support consistency in marking by having a common set of criteria and descriptors for the quality of work. Clear descriptors provide the opportunity for students to identify who did what percentage of each project deliverable and for teaching staff to quickly flag individuals or teams who may require intervention. Peer feedback can be used in in conjunction with rubrics to provide more information that can inform students about their achievement level and team contributions. Various resources for detailed and adaptable rubrics are available to teaching staff (e.g., University of Toronto Learning Outcomes Project).
Team Work Skill Development
Interpersonal Skill Development.
Understanding how to effectively communicate and have difficult conversations is a critical skill for effective team work. The gap between the perceived skill level and level of importance to career success highlights an opportunity to teach students how to have difficult, constructive conversations with others. Equipping students with these skills can also help limit students' dependence on a superior to mediate conflict, thereby decreasing time spent by teaching staff solving interpersonal issues.
Workshops can be created and delivered to help students learn skills to effectively communicate constructive criticism in a supportive way. These workshops can include communication tools such as techniques on how to confront difficult conversations. Inperson workshops provide the opportunity to practice techniques and observe others using various tools, but they could also be delivered online. Facilitators could work closely with professors to integrate the skills into current curriculums to reduce the extra workload on students and teaching staff while promoting a culture of respectful interpersonal interactions.
Individual Work Styles.
Several students identified individual differences and interpersonal conflict as the largest challenges they face in team-based learning. This suggests an opportunity for targeted workshops regarding individual work styles (e.g., personality as it relates to team dynamics, conflict management, team role preferences, etc.). Workshops could be structured to build awareness and understanding about personal work styles of their team members. For example, Conflict Management Styles could bring awareness to how individuals are likely to approach and be approached by others in a conflict situation [21] . This could help team members adapt their communication style within the team. In building awareness of personal communication styles as well as the styles of others, individuals can be more effective in working collaboratively with similar and different style preferences.
Team Building.
Where team training is competency-focused, team building emphasizes the interpersonal relationships within a team. Team building helps build trust and cohesion within a group, promoting the development of a team social identity [22, 23] . One simple way that instructors and TAs can promote team building is through quick ice-breaker activities that kick off each team project or lab session. One example of an ice-breaker activity is using trust or empathy building questions that can be asked at the start of each meeting. This type of activity helps to encourage a sense of friendship by allowing team members to learn about each other's personal lives such as hobbies, likes, dislikes, personal values, and culture. In getting to know others on a personal level, one can also simultaneously promote empathy and understanding, which has been identified as a core competency for Engineers to develop [24] .
Curriculum Structure Review
4.3.1. Blended Learning Classrooms. One way to address the scheduling challenges students identified is through the implementation of blended learning and flipped classroom techniques. Blended learning combines independent learning, often online-based, with group or hands-on application exercises [25] . In a formally flipped or inverted classroom model, traditional lecture material is studied independently ahead of class time, and inperson lectures are reserved for group work, collaboration, hands-on learning, and in-depth problemsolving. This format is becoming increasingly used within engineering education [26] , with flipped classrooms having produced positive learning outcomes [27] . The degree to which a classroom is flipped should align with the class curriculum, as some class information may be better suited to a semi-flipped style [27] . Blended learning or flipped classrooms models could provide teams with a formalized time to collaborate, discuss, and complete tasks, addressing the challenge of deadlines and scheduling difficulties across varied timetables.
Role Rotations.
The structured rotation of roles within a team project or across projects within a semester would provide each member an opportunity to experience and learn from different positions. Students with strong communication skills tend to gravitate towards the roles of organizer, writer, and presenter while other team members address the technical solutions and challenges. This prevents those with weaker communication skills from developing those abilities, while keeping strong communicators from developing their technical engineering knowledge and application. The literature shows this is especially relevant for females who are often relegated to non-technical roles within a team (e.g., communication or note-taking) [28] . In addition, single set roles, whether formal or informal, also prevent all team members from developing their leadership qualities. This can also be problematic for individuals with different cultural norms and may not be as assertive in expressing their desire to take on a specific role.
The inclusion of formal roles that are fulfilled on a rotating basis could prevent the cultural or gender segregation of roles, giving each team member the chance to explore different positions that they may not have normally considered. For example, a weekly or twice-amonth rotation between Project Manager, Communication Manager, Technical Design Lead, and Technical Test Lead roles would allow each team member to attempt every role without a) potentially jeopardizing team success, which may be the case if students are randomly assigned to roles, or b) succumbing to stereotypical or personally preferred roles.
Restructuring Team Projects.
With accreditation in mind, educators may feel that incorporating student teams into their courses, without consideration of their purpose or learning outcomes, will address the Individual and Team Work attribute. However, team work requires interdependence, whereby individuals rely on one another to complete their assigned tasks. Not every project requires interdependence, and as such, not every project requires a team. Accordingly, current team projects should be reviewed to determine the interdependent nature of the assignment and if it is necessary to be done in a team or if it can (and should) be done independently [13] . In laboratory settings, where the primary purpose of working in groups is to alleviate resource pressures (e.g., machines, marking, etc.), the purpose of the group work would should be clear and grading should recognize individual contribution if it is not an interdependent project.
Additionally, minimal guidance is provided to students on group development, soliciting member input, consensus building, resolving conflict, and team leadership [29] . Consequently, instructors can fail to capitalize on the benefits and learning of team-based projects [30] . In projects that are deemed appropriate for collaborative learning, teams should be provided with relevant training and support to operate effectively in that team (e.g., team training) [29] .
TEACHING & LEARNING CULTURE
Consistent Team Work Emphasis.
The results of this report suggest that the focus on team-based experiences fall either in the first year or capstone projects. This is supported by the satisfaction of teambased projects being significantly higher in first year students. It is also highlighted in the lack of any midprogram courses being referenced in the third open ended question, whereas the intro and capstone courses emerged as specific sub-themes. Thus, there is a need to review how teams are utilized and emphasized throughout the degree program, with special attention given to mid-year courses, as a more consistent emphasis across years will result in a more impactful development.
Student Learning Engagement.
Comments by students suggest an opportunity to explore learning engagement. The current work load and tight deadlines of the engineering undergraduate degree, in addition to external pressures and commitments, likely does not allow students to prioritize quality over completion, which encourages a "good enough" attitude reported by students. There are, however, ways in which students can be motivated to engage in the required team projects.
One potential way to promote student engagement is to renew outdated and recurrent project ideas with fresh and diverse projects. Student engagement can be further amplified if the projects are meaningful or relevant to students (e.g., service learning). Specifically, new projects should positively impact society and/or the lives of others, as this can increase internal motivation [31] . Recent research has also found that students are more likely to care about a project when it challenges them and is relevant to their interests and hobbies [32] . The creation of new project ideas will also help to reduce plagiarism or "road-mapping," whereby students copy assignments from previous years. While this can create some work on the part of instructors, it could serve to rejuvenate engagement from the teaching staff and students alike.
When creating new projects targeting student engagement, avenues to explore include: social entrepreneurship, service-learning, corporate partnerships, presentation opportunities, and multi-disciplinary teams. The creation of more meaningful projects that can have a positive impact on the community or an in-need population through social entrepreneurship and servicelearning could motivate those students with a serviceorientation [33] . Alternatively, some students may be engaged by the chance to solve real-world problem with an organizational partner. The engagement of corporate partners is especially relevant because it provides students a project that has the potential to extend beyond the classroom [32] . Further, presentation opportunities such as community science events or student conferences allow students to showcase the time and energy devoted to a project over the semester or year. Finally, the inclusion of multi-disciplinary team projects is an avenue to explore beyond a capstone course. Disciples could also extend to other departments (e.g., Business Entrepreneurship) or even beyond the university. One model of incorporating global, multi-disciplinary teams and engaging industry partners is X-Culture (http://x-culture.org/). This program links globally-distributed business student teams to work on problems presented by corporate partners. Although it is recognized that implementation of multi-disciplinary teams would be difficult, it would likely better prepare students for authentic industry experience [13] .
Professor and Teaching Assistant Training.
Although small in frequency, the emergence of a sexism theme requires attention, with a focus on the staff who have the most face-to-face time with students.
There is a desire to treat female students in STEM fields equally relative to their male counterparts [34] . However, there may be situations where females' technical learning opportunities are being limited within the team, requiring an equitable intervention. Research suggests that women are often assigned or take on administrative roles instead of getting/taking the opportunity to build their technical skills [28] . Additionally, females may feel frustrated by not getting the opportunity to take on an administrative, management, or communication role that they feel they could excel at to boost their team grade [28] . It is possible that there could be perceived unfairness in assigning technical roles to females over males; however, this sense of unfairness could also be addressed through role rotation.
All teaching staff should be equipped with the knowledge and tools to spot potential situations that could be resulting in not all team members getting equal opportunities to learn a specific skill or take on a different role within the team. Even going so far as to making a clear announcement at the start of the semester about a zero tolerance policy for segregating comments or action and an open door policy for any student who feels they are being segregated, marginalized, or missing out on learning opportunities due to gender or culture.
CONCLUSION
Working effectively in teams is a critical skill that must be developed over the course of an engineering degree program. This ability is not only an integral accreditation requirement: it is an essential career skill from which students will continue to reap the benefits long after graduation. The qualitative and quantitative results of this survey capture the current state of the Individual and Team Work attribute development across an entire Engineering department and identify opportunities for improvement. Our findings highlight the importance of taking a holistic and strategic approach to attribute assessment and development to enhance team work experiences for Engineering students. Although specific to the results of a single institution, the resulting 12 recommendations could act as a valuable guide to other Engineering programs seeking to enhance students' team work attribute assessment and development.
